Objective: Clavicular hook plate application is one of the most commonly used treatment methods for acromioclavicular (AC) joint dislocation, although it may cause multiple postoperative complications. We modified the regularly used 0 hook plate to 15 and compared the clinical outcomes of these two hook plates for treatment of AC joint dislocation. Methods: Forty-three patients with acute AC joint dislocation were randomly enrolled (0 hook plate, 20 patients; 15 hook plate, 23 patients). The American Shoulder and Elbow Surgeons (ASES) and visual analog scale for pain (VASP) scores were evaluated preoperatively and at 3 days and 1, 2, 3, and 6 months postoperatively and compared between the two groups. Results: Compared with the preoperative scores, the 6-month postoperative ASES score gradually increased but the VASP score decreased in both groups. Furthermore, the ASES and VASP scores were significantly different between the two groups at every postoperative time point. Conclusion: The 15 hook plate is superior to the 0 hook plate in reducing shoulder pain and improving postoperative recovery in the treatment of AC joint dislocation. Level of evidence: Level III; Treatment study (retrospective comparative study).
Introduction
Acromioclavicular (AC) joint dislocation is a very common injury and often results from trauma directed to the shoulder joint. The AC joint not only participates in shoulder-related activities but also serves an important structural role in the connection of the shoulder blade and trunk. AC joint dislocation is often accompanied by pain, discomfort, and dysfunction of the shoulder. Various approaches are currently used to treat AC joint dislocation; among them, the hook plate is a commonly used method. 1, 2 Despite its popularity in the surgical treatment of acute AC joint dislocation, studies have shown that hook plate treatment is associated with various postoperative complications such as shoulder pain and limited joint movement. 3, 4 Therefore, we evaluated the clinical effectiveness of 0 and 15 hook plates in the treatment of AC joint dislocation to improve the effectiveness and reduce postoperative complications of this procedure. In the present study, patients with AC joint dislocation were treated with either the commonly used 0 angle hook plate or a 15 angle hook plate to compare the clinical outcomes of postoperative shoulder pain and functional recovery. 5 This study will be helpful for surgeons to decide which type of clavicular hook plate to use in the surgical treatment of patients with AC joint dislocation.
Materials and methods

Ethical approval of study protocol and patient consent
The study protocol (reference number: 20080115) was reviewed and approved by the Medical Ethics Committee of the First Traditional Chinese Medicine Hospital of Hunan Changde (Changde, Hunan, China). The study was carried out in strict accordance with the Declaration of Helsinki and amendments, and informed written consent was obtained from all patients prior to enrollment.
Patients
The patient inclusion criteria were (1) acute AC joint dislocation, (2) closed Rockwood types III and V dislocation, and (3) unilateral dislocation. The patient exclusion criteria were (1) concurrent scapular fractures; (2) concurrent ipsilateral distal clavicle fractures; (3) concurrent trauma involving the brain, abdomen, chest, skin, or other sites; and (4) infection. The patients were randomly divided into two groups based on their hospital admission number: those treated with the regularly used 0 hook plate and those treated with the 15 hook plate.
Preoperative preparation
Prior to surgery, conventional shoulder anteroposterior radiographs were obtained to determine the type of dislocation. Rockwood type III or V AC joint dislocation was confirmed by the radiograph and physical examination findings. To obtain a correct diagnosis of Rockwood type II and III/V dislocations, an additional anteroposterior radiograph was obtained with a weighed stress view. Some patients originally diagnosed with type III dislocation were found to have type V. Three-dimensional shoulder computed tomography or magnetic resonance imaging scans were warranted to exclude other injuries of the shoulder joint. Patients enrolled in the study included those with both type III and type V injuries that were treated with clavicular hook plates (Trauson Medical Instrument Company, Changzhou, Jiangsu, China or Tianjin Zhengtian Medical Instrument Company, Tianjin, China).
Surgical procedure
The patients in the 0 hook plate group (Figure 1(a) ) underwent a brachial plexus musculocutaneous nerve block or general anesthesia (tracheal intubation). A shoulder pad was placed to elevate the position of the shoulder, while the head was positioned contralateral to the affected shoulder. An approximately 8-cm incision was made starting about 2 cm behind the distal end of the clavicle, parallel to the clavicle on the lateral side, and the distal end of the incision was made across the AC joint. The distal clavicle, AC joint, and acromion process were fully exposed to the orthopedic surgeons. Any AC joint hematomas or broken joint discs or cartilage were carefully removed. The AC joint dislocation was then reset and temporarily fixed with a 2.0 Kirschner wire. The hook plate was properly inserted under the acromion process and fixed to the clavicle using a Kocher's clamp. The screws were placed after holes had been drilled for proper fitting of screws. The Kirschner wire was then removed.
Finally, the coracoclavicular ligament was probed, and depending on the fracture type, the ligament was either directly sutured or rebuilt by implanting an anchor in the coracoid process. The patients in the 15 hook plate group (Figure 1(b) ) underwent the same surgical procedure as those in the 0 hook plate group.
Postoperative treatment
Movement of the AC joint was facilitated with a neck wrist strap brake for 2 weeks after surgery, and joint functionimprovement exercises including shoulder flexion, abduction, and external rotation were initiated and assessed 3 days after surgery. Anti-resistance exercises were initiated 2 weeks after surgery. Shoulder movements were performed 3 weeks after surgery.
Evaluation index
Postoperative radiographs were performed to determine the reduction of the AC joint dislocations by the same physicians who performed the preoperative radiographs. Shoulder function was assessed using the American Shoulder and Elbow Surgeons (ASES) score, and the degree of local pain was assessed using the visual analog scale for pain (VASP) score. The followup data collection was completed via either face-to-face questionnaires or telephone calls. Postoperative data were collected at 3 days and 1, 2, 3, and 6 months after surgery (a total of five times). All patients were followed up for at least 2 years postoperatively.
Statistical analysis
Continuous variables with normal distributions are expressed as mean AE standard deviation. The two-sample t-test, chisquare test, and Fisher's exact test were used for the statistical analysis. The statistical analysis was performed using the SPSS version 19.0 (IBM Corp., Armonk, NY, USA). Significance levels were set at p < 0.05, p < 0.01, and p < 0.001.
Results
On the basis of the inclusion and exclusion criteria, 43 patients with closed Rockwood types III or V AC joint dislocations were enrolled in the study (25 men, 18 women; age range, 18-50 years; mean, 30.9 years; 23 left-side dislocations, 20 right-side dislocations). Of the 43 patients, 20 were treated with the regular 0 hook plate (Figure 1(a) ) and 23 were treated with the 15 hook plate (Figure 1(b) ). The patients in the 0 hook plate group comprised 11 men and 9 women aged 20 to 50 years (mean, 30.70 AE 9.65 years); 10 were injured on the left side and 10 on the right side. The mean waiting time from hospital admission to surgery was 1.85 AE 0.81 days. The patients in the 15 hook plate group comprised 14 men and 9 women aged 20 to 50 years (mean, 31.70 AE 8.17 years); 13 were injured on the left side and 10 on the right side. The mean waiting time from hospital admission to surgery was 1.78 AE 0.85 days. There were no significant differences in age, sex, side of injury, or waiting time from injury to surgery between the two groups of patients ( Table 1) .
The radiographs obtained preoperatively (day 1) and postoperatively (day 3) showed good fixation and reduction of the AC joint in patients of both the 0 hook plate group (Figure 2 In addition, the surgical incisions were well healed without infection and the integrity of the hook plate remained without postoperative complications in all patients. All patients were followed up for at least 2 years postoperatively. The internal fixation device was removed within 6 to 12 months postoperatively depending on the patient's status of recovery. After removing the internal fixation device, one patient from each group developed shoulder subluxation. Neither of these patients had uncomfortable symptoms or other complications; thus, no further treatment was given. The ASES scores were assessed to evaluate shoulder function in both groups of patients before and after surgery, and the results are summarized in Table 2 . The ASES score in patients in the 0 hook plate group increased gradually postoperatively, with significant improvement starting from 1 month after the surgery (p < 0.001 vs. preoperative). Similarly, the ASES score in patients in the 15 hook plate group also gradually increased after the surgery. However, the significant improvement in the ASES score in these patients was observed as early as day 3 postoperatively (p < 0.001 vs. preoperative). These findings suggest that the patients treated with the 15 hook plate experienced earlier postoperative improvement of shoulder function than patients treated with the 0 hook plate. The VASP scores were also assessed for the degree of local pain in patients before and after the surgery, and the results are summarized in Table 3 . The VASP scores were significantly reduced in patients treated with the 0 hook plate starting 1 month postoperatively (4.75 AE 0.72) compared with the preoperative period (5.60 AE 1.05; p < 0.01); the scores then gradually decreased with time until reaching 2.85 AE 0.88 at 6 months postoperatively. However, the VASP scores in patients treated with the 15 hook plate significantly decreased much more rapidly; an obvious score reduction occurred as early as 3 days postoperatively (p < 0.001 vs. preoperative) ( Table 3) .
The detailed statistical results of the ASES and VAS scores were compared between the patients treated with the 0 and 15 hook plates (Tables 2 and 3 ). There were no significant differences in the preoperative ASES and VASP scores between the 0 and 15 hook plate groups (39.52 AE 3.30 vs. 37.84 AE 2.94 and 5.60 AE 1.05 vs. 6.04 AE 1.15, respectively; p > 0.05). However, significant differences (p < 0.01 or p < 0.001) in the ASES and VASP scores were observed at each time point of the subsequent postoperative evaluations (3 days and 1, 2, 3, and 6 months after surgery) between the two groups of patients ( Figure 3 ). These data suggest that patients treated with the 15 hook plate had less pain and better postoperative recovery than those treated with the 0 hook plate.
Discussion
The hook plate is one of the most common methods used in the treatment of AC joint dislocation. The hook is placed under the acromion and can form a leverage-like structure when the plate is placed on top of the distal clavicle during surgery. Use of this leverage helps to push the plate downward and allows the distal hook to produce sustained and stable upward pressure, assisting in fixing the dislocated AC joint as well as providing a stable environment for the healing of ligaments and joint capsules. 6 Use of the hook plate is also helpful for early functional improvement exercises to avoid muscle atrophy and shoulder joint adhesion caused by longterm fixation. The hooked end of the hook plate is located close to the acromion bone and is inserted into the back of the acromion to decrease its impact on the rotator cuff and decrease the incidence of subacromial impingement syndrome. In addition, the hook plate allows the AC joint freedom of micromovement during shoulder joint abduction, which provides uniformity with the corresponding biomechanics of the shoulder joint. 7 Hook plates have been widely used in the surgical treatment of patients with AC joint dislocation because of their advantages in improving AC joint reduction. However, the use of hook plates can also cause multiple postoperative complications, among which shoulder pain is a major problem. Previous authors have described a variety of factors that can cause shoulder pain after internal fixation using a clavicular hook plate. [8] [9] [10] In summary, there are four major causes of shoulder pain after surgery, as follows. (1) Pressure on the shoulder induced by the hook plate: The principle role of the hook plate is to form a lever that provides balance between the plate (placed on the clavicle) and the hook (placed under the acromion) (Figure 4) . After the hook plate is implanted into patients with AC joint dislocation, it can produce sustained pressure on the distal groups. Statistical significance is indicated by *p < 0.05, **p < 0.01, and ***p < 0.001 versus the 0 hook plate by the two-sample t-test, chi-square test, and Fisher's exact test.
clavicle, leading to reduction through the uplift of the acromion by the hook. However, excessive pressure on the acromion induced by the hook can cause unbearable pain in these patients after surgery. 11, 12 (2) Accidental dislocation of the distal clavicle: When the steel plate is implanted during the surgery, the hook plate and clavicle cannot be naturally matched and fixed. Thus, screws must be implemented to fix the plate to the clavicle. In the present study, the plate and clavicle were adhered together with screws using a Kocher's clamp by external force, which may lead to iatrogenic dislocation of the distal clavicle, resulting in shoulder pain. [13] [14] [15] (3) Posttraumatic arthritis caused by fragmented tissues (such as fragmented bones, articular discs, cartilage, and ligaments) remaining in the AC joint after the surgery.
16-18 (4) Stimulation of peripheral nerves in soft tissues between the hook of the hook plate and the acromion. 19, 20 As described above, postoperative pain was induced by employing the commonly used 0 hook plate (Figure 1(a) ) in the surgical treatment of patients with AC joint dislocation. In the present study, we modified the hook plate to improve the clinical outcome of patients with AC dislocation. The 15 hook plate was pre-bent to form a 15 angle between the hook and plate (Figure 1(b) ). The modified 15 hook plate was first tested and applied to shoulder joint models prior to use in patients clinically. The 0 hook plate forms a larger angle between the plate and clavicle compared with the 15 hook plate, suggesting that the 0 hook plate places greater pressure on the clavicle. Moreover, the clavicle angle is about 14 with application of the 0 hook plate (Figure 4(a) ), while the clavicle angle is about 9 with application of the 15 hook plate (Figure 4(b) ). The decrease in the clavicle angle indicates that the force needed to press the hook plate for adherence with the clavicle will be much less with the 15 than 0 hook plate. This also suggests that the 15 hook plate would cause much less compression on the clavicle than the 0 hook plate, resulting in better reduction of postoperative shoulder pain. 21, 22 Because the hook of the hook plate is placed under the acromion during surgery, movement of the shoulder joint postoperatively can produce friction between the hook and acromion. According to basic physical principles, the standard friction equation indicates that the greater the pressure applied at the acromion, the greater the friction force will develop between the hook and the acromion. Thus, the friction between the hook and acromion can stimulate sensory nerve endings in the acromion, which may be one cause of postoperative pain. 23 Friction was observed and confirmed as traces after the hook was removed from the patients about 6 to 12 months postoperatively ( Figure 5 ). As shown in Figure 5 , the traces caused by friction were much more obvious with the 0 hook plate ( Figure 5(a) ) than with the 15 hook plate ( Figure 5(b) ), suggesting that the 15 hook plate could better reduce the friction than the 0 hook plate, resulting in more efficient reduction of postoperative pain.
After demonstration that the 15 hook plate has advantages over the regularly used 0 hook plate in shoulder joint models, we then compared the clinical effectiveness of the 15 versus regular 0 hook plate by assessment of the ASES and VASP scores preoperatively and at different time points postoperatively. The ASES scores in the patients treated with the 15 hook plate were significantly higher than those in the patients treated with 0 hook plate at every time point after surgery (Figure 3(a) and Table 2 ), indicating that patients treated with the 15 hook plate had better postoperative recovery than those treated with the 0 hook plate. Meanwhile, the VASP score in the patients treated with 15 hook plate was significantly lower than that in the patients treated with 0 hook plate at every time point after surgery ( Figure 3 (b) and Table 3 ), indicating that patients treated with the 15 hook plate had less postoperative pain than those treated with the 0 hook plate. Therefore, patients treated with the 15 hook plate were able to more actively perform the postoperative functional exercises because of less postoperative pain, which further helped them to achieve better recovery of shoulder function than patients treated with the 0 hook plate. Furthermore, there were no significant differences in the ASES or VASP scores between the preoperative period and 3 days postoperatively in patients treated with the 0 hook plate (Table 2) , suggesting no significant postoperative recovery or reduction of pain during the first 3 days after surgery in those patients. This is probably due to excessive stress in the acromion and excess pressure of the clavicle by the 0 hook plate. In contrast, patients treated with the 15 angle hook plate had significantly lower pressure on the acromion, avoiding excessive compression of the clavicle and facilitating better postoperative recovery and pain relief. This was confirmed by the better ASES and VASP scores 3 days postoperatively than preoperatively (p < 0.001) in these patients (Tables 2 and 3 ). In the present study, the surgical procedures were consistent in all patients, and all operations were performed by the same group of orthopedic surgeons to avoid procedure bias and outcome bias. Specifically, the hook was closely attached to the surface of the acromion of each patient during the operation to avoid embedding soft tissues between the two structures. Fragmented tissues such as joint hematomas and broken articular discs and cartilage were carefully cleaned and removed to prevent postoperative complications. Previous studies have shown that the hook of a hook plate can cause subacromion injury by collision, possibly resulting in postoperative shoulder pain. [24] [25] [26] [27] According to the testing of our model, however, the hook of the hook plate is located at the subacromion approximate to the spine of the scapula; thus, the impact of the hook on joint motion is very limited based on this anatomic relationship. If a collision injury of the subacromion by hook plate were present, some collision traces would be evident underneath the hook after its removal from the patient. However, no obvious collision traces were found below the hook in the patients treated with both types of hook plates in our study, suggesting that the main cause of postoperative pain induced by hook plates is compression and excessive friction between the hook and acromion, not collision between the hook and subacromion.
In theory, it may be better to use prebent hook plates with different hook angles in different patients based on the specific injury type and anatomic relationship in each patient. In the present study, we pre-bent the proximal side of the hook to prevent excessive pressure induced by the hook plate. However, it is difficult to accurately control the specific degree of pre-bending in clinical practice; thus, it is relatively easy to use the pre-bent 15 hook plate. In the present study, the 15 hook plate resulted in better rehabilitation of the shoulder joint and more effective reduction of the postoperative shoulder pain in patients with AC joint dislocation than the more commonly used 0 hook plate. A frequently reported complication of hook plates is induction of bone dissolution and bone resorption in the acromion caused by the long-term friction between the hook and acromion. 3, 28, 29 Consistent with previous reports, 30, 31 we also observed bone dissolution in patients treated with both the 0 and 15 hook plates as shown in Figure 6 . On the basis of the 1-year postoperative radiograph findings, the 15 hook plate (Figure 6(b) ) caused less bone dissolution than did the 0 hook plate (Figure 6 (a)) in certain patients. Although the use of a 15 hook plate provides a better clinical outcome with less bone dissolution compared with a 0 hook plate, we still recommend removal of the hook plate in the early postoperative stage to prevent the probable occurrence of bone dissolution. The ligament damage would have been initially repaired 3 months postoperatively; thus, the hook plate can possibly be removed as early as 6 months postoperatively. We also suggest application of a surface lubricant coating to the top and the tip parts of the hook to reduce the friction between the hook and acromion. This will minimize pain and reduce the incidence of osteolysis.
Conclusions
In the present study, we compared the clinical outcome of 0 and 15 clavicular hook plates in the treatment of patients with AC joint dislocation. We found that both types of hook plates provided good fixation and reduction, but the 15 hook plate achieved more promising clinical outcomes with better reduction of shoulder pain and improvement of early postoperative recovery than the regularly used 0 hook plate.
